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(57) [Abstract] 

[Problem] To provide a technique for manufacturing a high-performance display 
device using a plastic substrate. 

[Means for Solving the Problem] After forming a separation layer 102 over a glass 
substrate 101 and then forming a light-emitting element 104 thereover, a plastic 
substrate 1 06 is attached over the light-emitting element 104 with a sealant 105. While 
in this state, a highly pressurized fluid 108 is sprayed to an exposed surface of the 
separation layer 102, and the separation layer 102 is destroyed. Accordingly, the glass 
substrate 101 and an insulating film 103 are separated, and then, the plastic substrate is 
attached to the insulating film 103. 
[Claims] 



[Claim 1] 

A manufacturing method of a display device comprising the steps of: 
forming a separation layer over a first substrate; 
forming an insulating film over the separation layer; 
forming a passive element over the insulating film; 
attaching a second substrate over the passive element; 

separating the first substrate and the insulating film by spraying a fluid with 
respect to the separation layer after attaching the second substrate; and 

attaching a third substrate made of plastic to the insulating film. 
[Claim 2] 

A manufacturing method of a display device comprising the steps of: 

forming a separation layer over a first substrate; 

forming an insulating film over the separation layer; 

forming an active element over the insulating film; 

forming a passive element electrically connected to the active element; 

attaching a second substrate over the passive element; 

separating the first substrate and the insulating film by spraying a fluid with 
respect to the separation layer after attaching the second substrate; and 

attaching a third substrate made of plastic to the insulating film. 
[Claim 3] 

The manufacturing method of a display device according to claim 1 or claim 2, 
wherein the separation layer is formed by anodizing an amorphous silicon film. 
[Claim 4] 

The manufacturing method of a display device according to any one of claims 
1 to 3, wherein the separation layer is a porous silicon film. 
[Claim 5] 

The manufacturing method of a display device according to any one of claims 
1 to 4, wherein the passive element is a light-emitting element or a liquid crystal 
element. 
[Claim 6] 

The manufacturing method of a display device according to any one of claims 
1 to 5, wherein the fluid is a pressurized liquid or gas. 
[Claim 7] 

The manufacturing method of a display device according to any one of claims 
1 to 6, wherein the second substrate is plastic. 
[Claim 8] 



The manufacturing method of a display device according to any one of claims 
1 to 7, wherein a step of forming a color filter over the third substrate in advance is 
included. 
[Claim 9] 

The manufacturing method of a display device according to any one of claims 
1 to 8, wherein a step of forming a carbon film over the second substrate or the third 
substrate is included. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a manufacturing method of a device 
(hereinafter referred to as "light-emitting device") having an element (hereinafter 
referred to as "light-emitting element") in which a light-emitting material is interposed 
between electrodes, or a device (hereinafter referred to as "liquid crystal display 
device") having an element (hereinafter referred to as "liquid crystal element") in which 
liquid crystal is interposed between electrodes. Note that organic EL displays and 
organic light-emitting diodes (OLED: Organic Light Emitting Diode) are included as 
the light-emitting device of the present invention. 
[0002] 

In the present specification, the light-emitting device and the liquid crystal 
display device are collectively referred to as display devices (electro-optic devices). 
[0003] 

The light-emitting material that can be used in the present invention includes 
all light-emitting materials that emit light through singlet excitation, triplet excitation, as 
well through both excitations (phosphorescence and/or fluorescence). 
[0004] 
[Prior Art] 

In recent years, development of a light-emitting device (hereinafter referred to 
as "EL light-emitting device") using a light-emitting element (hereinafter referred to as 
"EL element") that utilizes a light-emitting material (hereinafter referred to as "EL 
material") by which EL (Electro Luminescence) can be obtained has been in progress. 
An EL light-emitting device has a structure that includes an EL element with a structure 
in which an EL material is interposed between an anode and a cathode. By applying 
voltage between the anode and the cathode and feeding an electrical current into the EL 
material, carriers are recombined and light emission is generated. That is, since the 
light-emitting element itself in the EL light-emitting device has light-emission ability, 



the EL light-emitting device does not need a backlight such as that used in a liquid 
crystal display device. Furthermore, the EL light-emitting device has advantages such 
as having a wide viewing angle, being light-weight, and low power consumption. 
[0005] 

Although various applications using such an EL light-emitting device are 
expected, utilization in portable devices is attracting attention because the EL 
light-emitting device is particularly thin in thickness and therefore weight reduction is 
possible. Accordingly, formation of light-emitting elements over flexible plastic films 
is being attempted. 
[0006] 

However, the current situation is that the maximum processing temperature 
needs to be lowered because heat resistance of plastic films is low, and as a result, TFTs 
with electrical characteristics that are as favorable as those formed over glass substrates 
cannot be formed. Accordingly, a high-performance display device using a plastic film 
has not been realized. 
[0007] 

[Problem to be Solved by the Invention] 

An object of the present invention is to provide a technique for manufacturing a 
high-performance display device using a plastic base (including a flexible plastic film 
and a plastic substrate). 
[0008] 

[Means for Solving the Problem] 

In the present invention, necessary elements are formed over a substrate that 
has a higher heat resistance than plastic (a glass substrate, a quartz substrate, a silicon 
substrate, a metal substrate, or a ceramic substrate), and then the elements are later 
transferred to a plastic substrate (including a plastic film) in a treatment at room 
temperature. 
[0009] 

Note that the previously-mentioned necessary elements refer to, in the case of 
an active-matrix display device, a semiconductor element (typically a TFT) or an MIM 
element used as a switching element of a pixel, and a light-emitting element or a liquid 
crystal element. Further, in the case of a passive display device, they refer to a 
light-emitting element or a liquid crystal element. That in the present specification, 
semiconductor elements and MIM elements are called active elements, and 
light-emitting elements and liquid ciystal elements are called passive elements. 
[0010] 



Further, as the plastic substrate, a substrate or film made of polyimide, epoxy 
resin, acrylic resin, PES (polyethersulfone), PC (polycarbonate), PET (polyethylene 
terephthalate), or PEN (polyethylene naphtha! ate) can be used. 
[0011] 

In the present invention, the above-mentioned element is formed over a 
separation layer, and then a substrate over which the element is formed is separated by 
spraying a fluid at the separation layer, so as to newly be attached a plastic substrate. 
As the separation layer, a porous silicon layer or a silicon layer to which hydrogen, 
oxygen, nitrogen, or a rare gas is added is used. 
[0012] 

Also, as a method of spraying the fluid, a method of spraying a highly 
pressurized water stream (called "waterjet method"), or a method of spraying a highly 
pressurized gas stream can be used. At this time, an organic solvent, an acid solution, 
or an alkaline solution may be used instead of water. Further, as the gas, air, nitrogen 
gas, carbon dioxide gas, or a rare gas may be used, or these may be plasmatized and 
used. 
[0013] 

When such a fluid is sprayed to the separation layer, the separation layer 
deteriorates due to brittleness or it is chemically removed. Accordingly, the substrate 
over which the element is formed and an insulating film provided as a base of the 
element are separated. In the case that they are separated by deterioration of the 
separation layer, the remaining separation layer may be removed anew by etching. 
[0014] 

In this manner, the insulating film that is the base of the element is exposed, 
and a substrate or film made of plastic is newly attached thereto. When attaching, a 
light-curing resin, a heat-curing resin, or an epoxy-based resin can be used as an 
adhesive. 
[0015] 

As described above, in the present invention, an active element such as a 
semiconductor element or an MIM element, or a passive element such as a 
light-emitting element or a liquid crystal element is first formed over a substrate 
(element formation substrate) with a higher heat resistance than plastic, and then the 
element formation substrate is swapped with a substrate made of plastic. It is a 
characteristic of the present invention that during the swapping, the separation of the 
substrate is performed using highly pressurized water or highly pressurized gas. 
[0016] 



Further, as a method of and device for spraying a highly pressurized fluid to a 
side surface of a compound member to separate off the compound member, the 
following can be referred to in the present invention: Japanese Published Patent 
Application No. HI 1-45840, Japanese Published Patent Application No. HI 1-5064, 
Japanese Published Patent Application No. HI 1-195563, Japanese Published Patent 
Application No. HI 1-195568, Japanese Published Patent Application No. HI 1-195569, 
and Japanese Published Patent Application No. HI 1-1 95570. 
[0017] 

[Embodiment Mode of the Invention] 

An embodiment mode of the present invention will be described. FIG. 1 is a 
schematic view of the present invention, and 101 denotes a glass substrate; 102 denotes 
a separation layer; 103 denotes an insulating film that serves a base; 104 denotes an 
element formed over the insulating film 103; 105 denotes an insulating film made of a 
resin; and 106 denotes a plastic film. 
[0018] 

The glass substrate 101 may be a quartz substrate, a metal substrate, or a 
ceramic substrate. Further, although a porous silicon film is used here for the 
separation layer 102, a silicon layer to which hydrogen, oxygen, nitrogen, or a rare gas 
is added may be used. In the case of using a porous silicon film, an amorphous silicon 
film or a polycrystalline silicon film may be made to be porous by an anodizing 
treatment and used. Note that a thickness of the separation layer 102 may be 0.1 to 
900 urn (preferably 0.5 to 10 urn). 
[0019] 

As the insulating film 103, an insulating film containing silicon may be used. 
As the insulating film containing silicon, a silicon oxide film, a silicon nitride film, a 
silicon nitride oxide film, or a silicon carbide film can be used. Also, the element 104 
that is formed thereover may be a combination of an active element such as a 
semiconductor element or an MIM element and a passive element such as a 
light-emitting element or a liquid crystal element; or a light-emitting element or a liquid 
crystal element. 
[0020] 

The insulating film 105 made of a resin has two functions as a sealant for 
protecting the element 104 from outside air and as an adhesive for attaching the plastic 
film 106. Typically, an ultraviolet-curing resin may be used. Further, a glass 
substrate may be used instead of the plastic film 106. 
[0021] 



A display device including a structure such as the above is rotated with the 
center as an axis as shown by an arrow, and a fluid 108 is sprayed from a nozzle 107. 
From the nozzle 107, a fluid that is pressurized at lxlO 7 to 1*10 9 Pa (preferably 3xl0 7 
to 5x1 0 8 Pa) is sprayed on to a side surface of the separation layer 102. The fluid 108 
is sprayed along an exposed surface of the separation layer 102 because a sample is 
rotated. By an impact thereof, the separation layer 102 is destroyed or removed, and 
the glass substrate 101 and the insulating film 103 are separated. 
[0022] 

Note that for the fluid 108, a liquid such as water, an organic solvent, an acidic 
solution, or an alkaline solution; or a gas such as air, nitrogen gas, carbon dioxide gas, 
or a rare gas may be used. Further, such a gas may be plasmatized and used. 
[0023] 

A view of FIG. 1 from above is shown in FIG. 2. Note that FIG. 2(A) shows a 
sample 201 in which a round substrate is used as a mother substrate for forming 
elements, and a display device is formed in a unit shown by 202 in the sample 201. 
This is an example in the case of manufacturing a plurality of display devices from one 
substrate. In a similar manner, FIG. 2(B) shows a sample 203 using a square substrate, 
and a display device is formed in a unit shown by 204 in the sample 203. 
[0024] 

At this time, a spraying opening of the nozzle 107 has a long elliptical shape or 
a rectangular shape, and a cross-sectional shape of the fluid 108 roughly matches the 
shape of the nozzle. The spraying opening may have a circular or quadrilateral shape, 
but the treatment efficiency is higher with a long elliptical shape or a rectangular shape. 
[0025] 

Further, although only one nozzle is shown in the figure here, two or more 
nozzles may be provided. In that case, a plurality of nozzles may be lined up and 
provided with respect to one side of the substrate, or one or a plurality of nozzles may 
be provided per each side of the substrate. 
[0026] 

Next, a schematic structure of a device (hereinafter referred to as "separation 
device") for spraying the fluid 108 in the present invention is shown in FIG. 3. In the 
separation device shown in FIG. 3, a sample 301 that has a structure such as that shown 
in FIG. 1 is held by substrate holders 302 and 303. Each of the substrate holders 302 
and 303 holds the sample 301 by vacuum contact. 
[0027] 

Further, the substrate holders 302 and 303 are provided so that they are 



mutually arranged on the same axis of rotation and so that they can rotate. Also, the 
substrate holder 302 is fitted to bearings 304 and 305 and supported by a support base 
306. Further, the substrate holder 302 is connected to a motor 307, and rotation speed 
can be adjusted. 
[0028] 

The substrate holder 303 is fitted to bearings 308 and 309 and supported by a 
support base 310. Further, the substrate holder 303 is pulled rightward by a 
compression spring 311, and by balancing that force and the suction power of the 
substrate holder 303, the sample 301 is held. 
[0029] 

A structure is that while in this state, a highly pressurized fluid is sent into a 
nozzle 316 from a pump 315, and this fluid 317 is sprayed towards the separation layer 
102 provided inside the sample 301. While the fluid 317 is being sprayed, the 
substrate holders 302 and 303 are rotated with the sample 301 interposed therebetween. 
[0030] 

In this manner, destruction of the separation layer 102 begins when the fluid 
317 is sprayed to the separation layer 102, and a distance between the glass substrate 
101 and the plastic substrate 106 is gradually widen. Furthermore, because a 
rightward force is applied to the substrate holder 303 by the compression spring 311, 
with progression of the destruction of the separation layer 102, the glass substrate 101 
and the plastic substrate 106 are eventually separated. 
[0031] 

Note that although an example in which the sample 301 is rotated is shown in 
the embodiment mode of the present invention, it is possible to have a structure in 
which the nozzle 316 rotates and sprays the highly pressurized fluid along a side surface 
of the sample 301. 
[0032] 

[Embodiment] [Embodiment 1] 

In this embodiment, a manufacturing process of a pixel portion of an EL 
light-emitting device is described using FIGS. 4 and 5. Also, a top view of a pixel 
manufactured in this embodiment mode is shown in FIG. 6. Note that reference 
numerals used in FIG. 6 correspond to reference numerals used in FIGS. 4 and 5. 
[0033] 

First, a separation layer 402 made of a porous silicon film is formed with a 
thickness of 1 urn over a glass substrate 401. The porous silicon film may be formed 
by forming an amorphous silicon film and then performing an anodization treatment on 



the amorphous silicon film in a solution in which fluorine, water, and ethanol are mixed 

at a ratio of 1 : 1 : 1 . 

[0034] 

Next, a silicon nitride oxide film with a thickness of 200 nm is formed as a 
base film 403 over the separation layer 402. Formation of the base film 403 may be 
done using a low-pressure thermal CVD method, a plasma CVD method, a sputtering 
method, or an evaporation method. 
[0035] 

Next, a crystalline silicon film 404 with a thickness of 50 nm is formed later 
over a base film 103. As a formation method of the crystalline silicon film 404, a 
known means can be used. An amorphous silicon film may be laser-crystallized using 
a solid laser or an excimer laser, or the amorphous silicon film may be crystallized 
through a heating treatment (furnace annealing). 
[0036] 

Next, as shown in FIG. 4(B), the crystalline silicon film 404 is patterned to 
form patterned crystalline silicon films 405 and 406. Then, a gate insulating film 407 
with a thickness of 80 nm that is formed of a silicon oxide film is formed so as to cover 
the patterned crystalline silicon films. Furthermore, gate electrodes 408 and 409 are 
formed over the gate insulating film 407. In this embodiment, as material of the gate 
electrodes 408 and 409, a 350-nm-thick tungsten film or tungsten alloy film is used. 
Needless to say, another known material can be used as the material for the gate 
electrodes. 
[0037] 

Then, using the gate electrodes 408 and 409 as masks, an element belonging to 
group 13 of the periodic table (typically boron) is added. As an addition method, a 
known means may be used. In this manner, impurity regions (hereinafter referred to as 
"p-type impurity regions") 410 to 414 imparting p-type conductivity are formed. 
Further, channel forming regions 415 to 417 are defined directly under the gate 
electrodes. Note that each of the p-type impurity regions 410 to 414 becomes a source 
or drain region of a TFT. 
[0038] 

Next, as shown in FIG. 4(C), a silicon nitride film 418 with a thickness of 50 
nm is formed, and then the element belonging to group 13 of the periodic table that is 
added is activated by performing a heating treatment. This activation may be 
performed by furnace annealing, laser annealing, lamp annealing, or by a combination 
thereof. In this embodiment, a heating treatment at 500 °C for 4 hours is performed in 



a nitrogen atmosphere. 
[0039] 

When the activation is finished, it is effective to perform a hydrogenation 
treatment. For the hydrogenation treatment, a known hydrogen annealing technique or 
a plasma hydrogenation technique may be used. 
[0040] 

Next, as shown in FIG. 4(D), a first interlayer insulating film 419 made of a 
silicon oxide film is formed to have a thickness of 800 nm, and then contact holes are 
formed to form wirings 420 to 423. As the first interlayer insulating film 419, a 
different inorganic insulating film may be used, or a resin (organic insulating film) may 
be used. In this embodiment mode, a metal wiring with a three-layer structure of 
titanium/aluminum/titanium is used for each of the wirings 420 to 423. Needless to 
say, any type of material may be used as long as it is a conductive film. Each of the 
wirings 420 to 423 becomes a source wiring or drain wiring of a TFT. 
[0041] 

In this state, a switching TFT 501 and a current control TFT (driver TFT) 502 
are completed. In this embodiment mode, each of the TFTs is formed as a p-channel 
TFT. Note that the switching TFT 501 is formed so that a gate electrode intersects the 
patterned crystalline silicon film in two places, and has a structure in which two channel 
forming regions are connected in series. By having such a structure, an off-current 
value (current that flows when the TFT is turned off) can be suppressed. 
[0042] 

Also, a storage capacitor 601 as shown in FIG. 6(B) is formed at the same time. 
The storage capacitor 601 is formed of a lower storage capacitor that is formed of a 
semiconductor layer 602 formed at the same time as an activation layer, the gate 
insulating film 407, and the gate electrode 409; and an upper storage capacitor formed 
of the gate electrode 409, the first interlayer insulating film 419, and the wiring 423. 
Furthermore, the semiconductor layer 602 is electrically connected to the wiring 423. 
[0043] 

Next, as shown in FIG. 4(E), an oxide conductive film (in this embodiment, a 
conductive film in which gallium oxide is added to zinc oxide) is formed with a 
thickness of 100 nm, and then patterned to form a pixel electrode 424. As this time, a 
wiring 422 and the pixel electrode 424 make ohmic contact. Consequently, the pixel 
electrode 424 and the current control TFT 502 are electrically connected. Furthermore, 
the pixel electrode 424 functions as an anode of an EL element. 
[0044] 



After forming the pixel electrode 424, a second interlayer insulating film 425 
made of a silicon oxide film is formed with a thickness of 300 nm. Then, an open 
portion 426 is formed, and a 70-nm-thick organic EL layer 427 and a 300-nm-thick 
cathode 428 are formed by an evaporation method. In this embodiment, a structure in 
which a 20-nm-thick hole-injecting layer and a 50-nm-thick light-emitting layer are 
stacked is used for the organic EL layer 427. Needless to say, another known structure 
combining a hole-injecting layer, a hole-transporting layer, an electron-transporting 
layer, an electron-injecting layer, a hole-blocking layer, or an electron-blocking layer 
with a light-emitting layer may be used. 
[0045] 

In this embodiment, CuPc (copper phthalocyanine) is used for the 
hole-injecting layer. In this case, copper phthalocyanine is formed so as to cover all 
pixel electrodes first, and then a red-light-emitting layer, a green-light-emitting layer, 
and a blue-light-emitting layer are formed for pixels corresponding to a red color, a 
green color, and a blue color, respectively. Differentiation between regions that are to 
be formed may be done using a shadow mask during evaporation. In this manner, 
color display becomes possible. 
[0046] 

Note that in this embodiment, Alq 3 (tris-8-quinolinolato aluminum complex) is 
used as a host material of the green-light-emitting layer, and quinacridone or coumarin 6 
is added as a dopant. Also, Alq 3 is used as a host material of the red-light-emitting 
layer, and DCJT, DCM1, or DCM2 is added as a dopant. Further, BAlq 3 (complex of 
a fifth ligand having a mixed ligand of 2-methyl-8-quinolinol and a phenol derivative) is 
used as a host material of the blue-light-emitting layer, and perylene is added as a 
dopant. 
[0047] 

Needless to say, it is not necessary to be limited to the above organic materials 
in the present invention, and a known low molecular organic EL material, a high 
molecular organic EL material, or an inorganic EL material can be used. In the case of 
using a high molecular organic EL material, an application method can be used. 
[0048] 

In the above manner, an EL element (denoted by reference numeral 602 in FIG. 
6(B)) including the pixel electrode (anode) 424, the organic EL layer 427, and the 
cathode 428 is formed. In this embodiment, this EL element functions as a 
light-emitting element. 
[0049] 



Next, as shown in FIG. 5(A), a plastic substrate 430 is attached with a sealant 
429. In this embodiment, a flexible plastic film is used as the plastic substrate 430. 
Further, as the sealant 429, an insulating film made of a resin can be used, and 
polyimide is used in this embodiment. Alternatively, an acrylic resin, polyamide, or an 
epoxy resin may be used. 
[0050] 

By performing a process in FIG. 5(A), the EL element can be completely 
blocked off from air. Consequently, deterioration of an organic EL material due to 
oxidation can be suppressed almost completely, and reliability of the EL element can be 
improved substantially. 
[0051] 

Next, as shown in FIG. 5(B), the glass substrate 101 is separated from the 
substrate over which the EL element is formed. This separation step may be 
performed using the separation device of the present invention described in FIGS. 1 to 3. 
In this embodiment, a water stream is sprayed at a pressure of 3xl0 7 Pa from a nozzle 
with a long elliptical shape to destroy the separation layer 402. Thereafter, the 
separation layer 402 remaining on the base film 403 is removed with a mixed solution 
of hydrofluoric acid and hydrogen peroxide water. This solution can selectively 
remove the separation layer 402 made of a porous silicon film, 
[0052] 

After transferring the TFT and the EL element to the plastic substrate 430 in 
this manner, an adhesive 431 is formed and a plastic film 432 is attached as shown in 
FIG. 5(C). As the adhesive 431, an insulating film made of a resin (typically 
polyimide, acrylic, polyamide, or an epoxy resin) may be used, or an inorganic 
insulating film (typically a silicon oxide film) may be used. 
[0053] 

In this manner, the TFT and the EL element are transferred to the plastic film 
432 from the glass substrate 401. As a result, a flexible EL light-emitting device that 
is interposed between two plastic films 430 and 432 can be obtained. 
[0054] 

Note that in this embodiment, a reason for using the same material in this 
manner for the plastic film 430 for support which is provided over the light-emitting 
element and the plastic film 432 for attachment is to have uniform coefficients of 
thermal expansion. When the coefficients of thermal expansion are equal, it is 
preferable because stress and strain on the substrate due to temperature change can be 
balanced, and an effect on the light-emitting element can be suppressed. 



[0055] 

Also, for the EL light-emitting device manufactured according to this 
embodiment, the total number of required masks for photolithography is six, which is 
very few; consequently, high yield and low manufacturing cost can be achieved. 
Further, the EL light-emitting device formed in this manner can be high performance 
because it can use as an active element a TFT that is formed without being limited to 
heat resistance of a plastic substrate. 
[0056] 

Note that although a top-gate TFT (specifically, a planar-type TFT) is shown as 
an example of a TFT in this embodiment, a bottom-gate TFT (typically, an 
inversely-staggered TFT) may be used. 
[0057] [Embodiment 2] 

In Embodiment 1, as manufacturing steps up through the formation of the gate 
electrode, it is effective to use an invention according to any of the following Japanese 
published patent applications by the present applicant: Japanese Published Patent 
Application No. H9-312260, Japanese Published Patent Application No. H10-247735, 
Japanese Published Patent Application No. H10-270363, or Japanese Published Patent 
Application No. HI 1-191628. 
[0058] 

Techniques according to the above published patent applications are all 
techniques for forming crystalline silicon films with extremely high crystallinity, and a 
high-performance TFT can be formed using these techniques. Although all of these 
techniques include a heating treatment at 550 °C or higher, by using the technique of the 
present invention, a plastic substrate with a low heat resistance can be used as an 
element formation substrate. 
[0059] 

Note that a structure of this embodiment can be freely combined and 
implemented with the structure in Embodiment 1 . 
[0060] [Embodiment 3] 

In this embodiment, an example in the case of applying the present invention to 
a liquid crystal display device is explained. FIG. 7 is used for explanation. 
[0061] 

In FIG. 7(A), 701 is a glass substrate, 702 is a separation layer that is an 
amorphous silicon layer containing hydrogen at a concentration of lxlO 16 to lxlO 17 
atoms/cm 3 , 703 is a base film made of a silicon nitride oxide film, and 704 is a pixel 
TFT. The pixel TFT 704 is a p-channel TFT manufactured according to the steps 



described in Embodiment 1, and in this embodiment it is used as a switching element 
for controlling voltage applied to liquid crystal. Also, 705 is a pixel electrode made of 
an oxide conductive film that is electrically connected to the pixel TFT 704. 
[0062] 

Up through formation of the above-described structure, the manufacturing 
steps described in Embodiment 1 may be followed. Needless to say, the structure of 
the TFT can be a bottom-gate type (typically an inversely-staggered type), and it is not 
necessary that the manufacturing steps of the TFT be limited to the steps in 
Embodiment 1 . 
[0063] . 

After forming the pixel TFT 704 and the pixel electrode 705, an orientation 
film 706 made of a resin is formed. The orientation film 706 may be formed by a 
printing method. A film thickness is to be 60 nm. 
[0064] 

Next, an opposing substrate 707 made of a plastic film is prepared, and a 
light-blocking film 708 with a thickness of 120 nm made of titanium and an opposing 
electrode 709 with a thickness of 1 10 nm made of an oxide conductive film are formed 
thereover by a sputtering method. Over that, an orientation film 710 with a thickness 
of 60 nm is formed. 
[0065] 

Next, a sealant (not shown in figure) is formed with a means such as a 
dispenser over the orientation film 706 that is on the side of the substrate over which the 
TFT is formed, and then the orientation film 706 and the orientation film 710 on the 
opposing substrate side are made to face each other and attached together, and then 
stuck together using a pressure press. Furthermore, liquid crystal 711 is injected to a 
region surrounded by the sealant using a vacuum injection method, and an injection 
opening of the sealant is covered with a resin to complete a liquid crystal element (may 
be called "liquid crystal cell"). As these steps, known manufacturing steps of a liquid 
crystal cell may be implemented. At this time, polyimide, acrylic, or an epoxy resin is 
used for the sealant. This sealant serves as an adhesive in a similar manner to the 
sealant 429 in FIG. 5(A). 
[0066] 

Next, as shown in FIG. 7(B), the glass substrate 701 is separated from the 
substrate over which the liquid crystal element is formed. This separation step may be 
performed using the separation device of the present invention described in FIGS. 1 to 3. 
In this embodiment, a water stream is sprayed at a pressure of 5xl0 7 Pa from a nozzle 



with a long elliptical shape to destroy the separation layer 702. 
[0067] 

Thereafter, the separation layer 702 remaining on the base film 703 is removed 
in a gas containing halogen fluoride. As the gas containing halogen fluoride, a mixed 
gas of nitrogen gas and chlorine trifluoride gas is used. This treatment can be 
performed at room temperature. 
[0068] 

In this manner, the separation layer 702 is eventually completely removed, and 
the base film 703 made of a silicon nitride oxide film is exposed. And lastly, a plastic 
film 713 is stuck using an adhesive 712 made of an acrylic film. 
[0069] 

In the above manner, in the case of applying the present invention to a liquid 
crystal display device, up through a liquid crystal injection step is done to complete the 
liquid crystal display device once, and then a removal step of the separation layer can be 
performed while holding the element with the opposing substrate. Accordingly, a 
high-performance TFT can be formed over a plastic substrate without particularly 
adding a cumbersome step. Note that the structure of this embodiment can be 
combined and implemented with the structure of Embodiment 2. 
[0070] [Embodiment 4] 

In this embodiment, an example in the case of applying the present invention to 
a simple matrix EL light-emitting device is explained. FIG. 8 is used for explanation. 
[0071] 

In FIG. 8(A), 801 is a glass substrate, 802 is a separation layer made of a 
porous silicon film, 803 is a base film made of a silicon oxide film, and 804 are first 
stripe electrodes that are anodes made of an oxide conductive film in this embodiment. 
These anodes 804 are made in plurality in a stripe form in a direction parallel to a plane 
of paper. 
[0072] 

Over the anodes 804, insulating films 805 for element separation and banks 
806 made of resin films are formed in plurality in a stripe form. Note that these bumps 
806 are formed by stacking two layers of resin films, and a bottom layer side has a 
narrower shape on an inwards side than a top layer side. Such a structure can be 
formed by utilizing a difference between etching rates of the two layers of resin films. 
[0073] 

These are formed to be perpendicular to the previously-mentioned anodes 804. 
After forming the insulating films 805 for element separation and the banks 806 made 



of resin films in this manner, organic EL layers 807 and second stripe electrodes (in this 
embodiment, cathodes made of a metal film) 808 are formed by an evaporation method. 
Because the cathodes 808 are separated and formed in a stripe form by the banks 806, 
they are formed to be perpendicular to the anodes 804. 
[0074] 

At this time, condensers formed by the anodes 804, the organic EL layers 807, 
and the cathodes 808 become EL elements. Needless to say, a known formation 
method or formation material of the anodes 804, the organic EL layer 807, and the 
cathodes 808 can be used. 
[0075] 

After the EL elements are formed, a plastic film 810 is stuck using a sealant (in 
this embodiment an acrylic resin) 809. In this manner, the EL elements can be 
completely blocked-off from air. 
[0076] 

Next, the substrate over which the EL elements are formed is exposed to a 
nitrogen atmosphere containing chlorine trifluoride gas, and the separation layer 802 is 
removed by etching. Then, the EL elements and the element formation substrate 801 
are separated. Next, a plastic film 812 is stuck using an adhesive 811. In this 
embodiment, a polyimide film is used as the adhesive 811. 
[0077] 

For the EL light-emitting device manufactured according to this embodiment, 
the total number of required masks for photolithography is two, which is very few; 
consequently, high yield and low manufacturing cost can be achieved. Furthermore, as 
a driver circuit for inputting a signal to the anodes and the cathodes, an external IC chip 
or a driver circuit (stick driver) described in Japanese Published Patent Application No. 
H8-262474 may be used. Note that the structure of this embodiment can be combined 
and implemented with the structure of Embodiment 2. 
[0078] [Embodiment 5] 

In this embodiment, an example in which a color filter is provided in advance 
to a plastic substrate to be attached at the end is explained. Note that although a 
passive matrix EL light-emitting device is given as an example in this embodiment, this 
embodiment can also be applied to an active matrix EL light-emitting device. 
[0079] 

First, a state shown in FIG. 8(B) is obtained by following Embodiment 4. 
However, in this embodiment, an organic EL layer 900 that emits white color light is 
formed instead of the organic EL layer 807. Specifically, a material described in 



Japanese Published Patent Application No. H8-96959 or Japanese Published Patent 
Application No. H9-63770 may be used for a light-emitting layer. Also, for separation 
of the glass substrate, a separation device with a structure described in FIG. 3 may be 
used (FIG. 9(A)). 
[0080] 

Then, a plastic film 904 provided in advance with a color filter (R) (color filter 
that extracts red color light) 901, a color filter (G) (color filter that extracts green color 
light) 902, and a color filter (B) (color filter that extracts blue color light) 903 is 
attached using an adhesive 905 made of resin. 
[0081] 

At this time, because each of the color filters 901 to 903 can be formed by 
using a combination of a spin coating method or inkjet method with a photolithography 
technique, or by using a printing method, they can be formed over the plastic film 904 
without a problem (FIG. 9(B)). 
[0082] 

In the case of this embodiment, by passing white light that is emitted from the 
organic EL layer 900 through the color filters 901 to 903, red color light, green color 
light, or blue color light is extracted. With this method, there is an advantage that a 
manufacturing process is simplified because an organic EL layer only needs to be 
formed once. Note that the structure of this embodiment can be combined and 
implemented with the structures of Embodiments 1 to 3. 
[0083] [Embodiment 6] 

In the present invention, it is effective to form a carbon film, preferably a DLC 
(diamond-like carbon) film, over one surface or both surfaces of a substrate to which an 
element is fixed and/or a plastic substrate for attachment. However, it is preferable 
that a film thickness is 50 nm or less (preferably 10 to 20 nm) because transmittance 
falls if the film thickness is too thick. 
[0084] 

As characteristics of the DLC film, it has a Raman spectrum distribution with 
an asymmetrical peak at around 1550 cm" 1 , and a shoulder at around 1300 cm" 1 . Also, 
it has a characteristic of exhibiting a hardness of 15 to 25 GPa when measured by a 
mirohardness tester. Such a DLC film has a higher degree of hardness compared to a 
plastic base, and it is effective to be provided as a protective film for surface protection. 
[0085] 

Also, the DLC film has a high passivation effect with respect to moisture or 
oxygen, and has a property of not allowing permeation thereof. Accordingly, it is 



especially effective in the case of forming a light-emitting element that uses an organic 

EL layer that is weak against moisture or oxygen. 

[0086] 

The DLC film can be formed in advance before attaching the plastic substrate, 
or after attaching the plastic substrate. Either way, formation of the DLC film may use 
a sputtering method or an ECR plasma CVD method. 
[0087] 

Note that the structure of this embodiment can be combined and implemented 
with any of the structures of Embodiments 1 to 5. 
[0088] [Embodiment 7] 

Although examples of display devices using EL elements as light-emitting 
elements have been described in Embodiments 1, 2, and 4 to 6, the present invention 
can be used in an EC (electrochromics) display device, field emission display (FED), or 
a display device having a light-emitting diode using a semiconductor. 
[0089] [Embodiment 8] 

In this embodiment, a structure of a method of separating a substrate over 
which an element is formed that is different from the structures shown in FIGS. 1 and 2 
is explained. FIGS. 10(A) to 10(C) are used for explanation. 
[0090] 

First, FIG. 10(A) shows an example of separating off a glass substrate used as a 
mother substrate when forming an element from a sample 11 in which two square 
substrates are attached together. Note that in the sample 11, an EL light-emitting 
device is formed in a unit shown by 12. For a manufacturing method of this EL 
light-emitting device, refer to Embodiment 1 and Embodiment 4. 
[0091] 

In the case of FIG. 10(A), a nozzle 13 moves in parallel along one side of the 
sample 11, and a fluid 14 also moves in parallel following movement of the nozzle 13. 
That is, a separation layer can be destroyed by the fluid 14 moving along the side of the 
sample 1 1 . 
[0092] 

Next, in the case of FIG. 10(B), the nozzle 13 moves in parallel along one side 
of the sample 11, and a nozzle 15 is provided to move in parallel along a side opposite 
the nozzle 13. The fluid 14 and a fluid 16 also move in parallel following movements 
of their corresponding nozzles. That is, the separation layer can be destroyed by the 
fluids 14 and 16 moving along the two sides in a manner that sandwiches the sample 1 1 . 
This contributes to improvement in throughput. 



[0093] 

Note that in the case in FIG. 10(B), nozzles may be provided to three sides or 
four sides instead of two sides, and in the case of providing to two sides, they may be 
provided to sides that are adjacent to each other. 
[0094] 

Next, in the case of FIG. 10(C), a nozzle 17 has a spraying opening that has 
about the same length as one side of the sample 1 1 . That is, because a fluid 1 8 can be 
sprayed to one entire side of the sample 1 1 without moving the nozzle, it is not 
necessary to provide a movement mechanism of the nozzle. This contributes to 
reduction in size of the separation device. 
[0095] 

Note that although in figures in FIG. 10(A) to (C) a structure of providing one 
nozzle per one side is shown, a nozzle with two or more spraying openings can be used 
per one side. 
[0096] [Embodiment 9] 

A display device formed by implementing the present invention can be used in 
display portions of a variety of electrical apparatuses. As such electrical apparatuses, a 
video camera, a digital camera, a goggle-type display (head-mounted display), a car 
navigation system, a car audio system, a laptop computer, a game machine, a portable 
information terminal (portable computer, portable phone, portable game machine, or an 
electronic book), an image reproducing apparatus provided with a recording medium 
(specifically, an apparatus that reproduces the recording medium and that which is 
provided with a display that can display the image), and the like can be given. 
Specific example of these electrical apparatuses are shown in FIG. 1 1 . 
[0097] 

FIG. 11(A) is a digital camera that includes a main body 2001, a display 
portion 2002, an eye piece portion portion 2003, and an operation switch 2004. The 
display device of the present invention can be used in the display portion 2002. 
[0098] 

FIG. 11(B) is a portion (right half) of a head-mounted EL display that includes 
a main body 2101, signal cables 2102, a head fixation band 2103, a display portion 
2104, an optical system 2105, and a display device 2106. The present invention can be 
used for die display device 2106. 
[0099] 

FIG. 1 1(C) is a portable (mobile) computer that includes a main body 2301, a 
display portion 2302, an image receiving portion 2303, an operation switch 2304, and a 



memory slot 2305. The display device of the present invention can be used in the 
display portion 2302. This portable computer can record information in a recording 
medium in which flash memory and non-volatile memory are integrated, and reproduce 
the information. 
[0100] 

FIG. 11(D) is an electronic book (portable book) that includes a main body 
2401, a display portion 2402, and an operation switch 2403. The display device of the 
present invention can be used in the display portion 2402. Also, a slot for inserting a 
recording medium in this electronic book can be provided. 
[0101] 

Note that in the case of using an EL light-emitting device in a display portion, 
it is desirable that information is displayed so that a light-emitting portion is made to be 
small as much as possible because the light-emitting portion in the EL light-emitting 
device is where power is consumed. Accordingly, in the case of using an EL 
light-emitting device in a display portion of a portable information terminal, particularly 
in a display portion mainly for character information such as a that of a portable phone 
or an electronic book, it is desirable to drive the portable information terminal so that 
the character information is formed by the light-emitting portion with a non 
light-emitting portion as a background. 
[0102] 

Here, FIG. 11(E) is a portable phone that includes a main body 2501, an audio 
output portion 2502, an audio input portion 2503, a display portion 2504, an operation 
switch 2505, and an antenna 2506. The display device of the present invention can be 
used in the display portion 2504. Note that in the case of using an EL light-emitting 
device in the display portion 2504, power consumption of the portable phone can be 
suppressed by displaying white letters on a black background. 
[0103] 

In the above manner, application range of the present invention is extremely 
wide, and the present invention can be used in electrical apparatuses of a variety of 
fields. Further, electrical apparatuses of this embodiment can be obtained by using a 
display device formed by freely combining structures of Embodiments 1 to 7. 
[0104] 

[Effect of the Invention] 

In the present invention, because a substrate with a higher heat resistance than 
plastic is used as a mother substrate in manufacturing steps of an active element such as 
a semiconductor element or an MIM element, an active element with a favorable 



electrical characteristic can be manufactured. Further, the previously-mentioned 
mother substrate is separated off after forming the active element and a light-emitting 
element or liquid crystal element, and a plastic substrate is attached as a support 
substrate. 
[0105] 

Accordingly, a display device with a plastic substrate as a support substrate that 
is also high performance can be manufactured. Furthermore, because the support 
substrate is plastic, the display device can be flexible as well as thin and light-weight. 

[Brief Description of the Drawings] 

[FIG. 1] A cross-section view of a step separating off a substrate; 

[FIG. 2] A top view of a step separating off a substrate; 

[FIG. 3] A schematic view of a separation device used in the present invention; 

[FIG. 4] Figures showing manufacturing steps of an EL light-emitting device; 

[FIG. 5] Figures showing manufacturing steps of an EL light-emitting device; 

[FIG. 6] Figures showing an top-view structure and a circuit configuration of an EL 

light-emitting device; 

[FIG. 7] Figures showing manufacturing steps of a liquid crystal display device; 
[FIG. 8] Figures showing manufacturing steps of an EL light-emitting device; 
[FIG. 9] Figures showing manufacturing steps of an EL light-emitting device; 
[FIG. 10] Top view of a step separating off a substrate; and 
[FIG. 1 1] Figures showing examples of electrical apparatuses. 

[FIG. 1] 101:glass substrate; 102: separation layer; 103: insulating film; 104: element; 
105: sealant; 106: plastic substrate; 107: nozzle; 108: fluid. 
[FIG. 2(A)] 107: nozzle; 108: fluid; 201: sample. 
[FIG. 2(B)] 107: nozzle; 108: fluid; 203: sample. 

[FIG. 3] 301: sample; 302: substrate holder; 303: substrate holder; 304: bearing; 305: 
bearing; 306: support base; 307: motor; 308: bearing; 309: bearing; 310: support base; 
311: compression spring; 315: pump; 316: nozzle; 317: fluid. 
[FIG. 9(A)] 900: organic EL layer. 

[FIG. 9(B)] 901: color filter (R); 902: color filter (G); 903: color filter (B); 904: plastic 

film; 905: adhesive; red color light; green color light; blue color light. 

[FIG. 10(A)] 11: sample; 13: nozzle; 14: fluid. 

[FIG. 10(B)] 11: sample; 13: nozzle; 14: fluid; 15: nozzle; 16: fluid. 

[FIG. 10(C)] 11: sample; 17: nozzle; 18: fluid. 



[FIG. 11(A)] 2001: main body; 2002: display portion; 2003: eye piece portion; 2004: 
operation switch. 

[FIG. 11(B)] 2101: main body; 2102: signal cables; 2103: fixation band; 2104: display 
portion; 2105: optical system; 2106: electro-optic device. 

[FIG. 11(C)] 2301: main body; 2302: display portion; 2303: image receiving portion; 
2304: operation switch; 2305: memory slot. 

[FIG. 1 1(D)] 2401 : main body; 2402: display portion; 2403: operation switch. 

[FIG. 11(E)] 2501: main body; 2502: audio output portion; 2503: audio input portion; 

2504: display portion; 2505: operation switch; 2506: antenna. 
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[mm] mmmu *w&mx-\t-EL%%Mmv>m 
sg|sco^1^MIfs^co^^ril4, szm^xmm-tz. * 

6(C^i- 0 0 6}ifflV^-f-}iE]4, 5-efflV'fc 

[0 0 3 3] ST#*5*£&4 0 lilc^TLW^y 
MA» 6 ft a MM 4 0 2 * 1 u mroff $ fcfflfrit+ 5 . £ 

«v-y =Oig£, 7yi ; 7j< : =.9J-A>* \ : 1 : 1 



ftifftv\ 

[0 0 3 4] Rfc, »«Jl4 0 2O±tT±Wl4 0 3 i 
LTWIflMb^y 3fKSr2 0 0 nmO*St»*t 
3. T*Bt4 0 3©J»riSf±|*EJftCVDS, 7"7X?C 

[0 0 3 5] jfcte. Tiffin! 1 0 3 <D±.\C&K%££k'K.i<' V 
a 0 4 Sr 5 0 nnCWWti. feiUtf U 

a y«4 0 4 ©Bfrt^jSt LTtt^&co^a^fflV'S r 

[0 0 3 6] @4 (B) |r^i-J;5fc, 
y 3 y|g4 0 4*^^-=y^Lr^^-Wt:LfcigS 
1^1)3^4 0 5, 4 0 6£ifFM1-5o ^LT^*- 

Mfelfil4 0 7*8 0nmWg^(cMt5. 
$ ibt, h«*ME4 0 7 C0±IC/r- MS4 0 8, 
4 0 9 £Bj£-f *H««IJ"Ctty- H8S4 0 8, 4 

0 9Ottfl at s 3 5 Onm/ffW^y^xyiigfcL 

[0 0 3 7] % LT, y- hfl;1i4 0 8, 4 0 9 *v^. 
^ i UT«ffl*ro 1 3^(CSi-?>7C* (f5*Wt«#n 

v\ r 5 UTpMro«*H«r^1-TMti« (WT, p 
iiTMtifiliitv^) 4 1 0-4 1 4^JfM^tl5 0 * 
fcs hmS»ilT(-ttf : -^^^?F?fSW4 1 5-4 

1 7*SB^-t5„ ft*3, pMTS«Etl^4 10-414 

[0 0 3 8] i^ld, 14 (c) m*+J:5K:, ^{bt^y 

nyl418^50nmOf$CMb, ^Wft, » 
0 °C 4 ffe1f;©7)D^aSr^*#HM-r-tT 5 . 

[0039] stt<ba«»T bfc«b, **<b#aasrft5 1 
[0040] 0 4 (D) l^-fj; S^ft,->y 

=>>IH^f ) ft5mi]ira*6ftfl!4 19*8 0 0 nmrojf 
JCML, ^y^^ h*-7V-*JTMLTiaSt4 2 0- 

423 eMts. » i mmmm4 1 9 1 ltiji© 

*8«te«UK«rffl^Tfcftv>U »Ab (*«M6«kW) *ffl 

^ttii^ *mm<oMm-?\±s!M4 2 o~4 2 3 1 u 

fflV'Tt>ftl\ 4 2 0-4 2 3(±TFT©y-Xffi 



*Stk L < tt F ^4 >&m 1 ft 5„ 

[0 0 4 1] ;»ttt^'fyfy^TFT5 0 1» 
tWKfcWJfllfflTFT OKSjfflTFT) 5 0 2^t 
-5 o *^ft<?3fl?ffi t?« if o b » T F T h p <f -r * A'S! T 

tmmt-tzz tx^-ymm^ {tft&*7 stitch 

[0 0 4 2] *fc, (smrftciie (b) to^i-j; 5 icftjf 
tteo l^jgfias^s. f*#^*6 o itmimtm 
mmm&htz^-mm 602, bmmm4 07s 

t^y- HI4 0 9 "CAM £ tl 5 T«*£f ^fi t , 
MWE4 0 9, £llffliffeffc]|84 1 9Rmm4 2 3f 

Be o 2teiaiu 2 3 iftftttfcSSttSft-cvs. 

[0 0 4 3] 1214 (E) t^+±5fc,' IWb*^ 

SSI (***^Jt?ttKftS«&l-BWk^y ?AS:»!lPLfc 
*MQ fcl0 0nmO*St»*U /<^-=Vi/fc 
J:!3H§R««4 2 4S:^i-5. CO t , SSil4 2 2 

tB*m^4 2 4 tw^-- $ v?mM%-t5o lot, 

Big 11*1 4 2 4 i T F T 5 0 2 i fimMWi' 

»£*i3o *fc, H5(tWi4 2 4fiEL^O»ffii 
Lt«t5„ 

[0 0 4 4] H*mffi4 2 4 £flMLfcib, Sg-ftV U = 

ymt^fii>m2mwitmM4 25*30 onm«f-$ 

t^-fS 0 ^L-T, HSPg|34 2 6 7 0nm 

f»tlELl4 2 7 RTl 3 0 0nmJf:o^g4 2 8$: 

j; i9 mmtz. ifmmmx*\it^m.F li 4 2 7 

ibtZOn mi? CO IHlffiAB&t/ 50n mJf ©IS3t^ 

£7L*K£*, HflteJi, B^ttAl, lETLffiihgtL 
<tt«^RUJ:»*i|ia^to-S-fc4i*profl6w«it*fflV^T 

[0 0 4 5] #§g«?ijT*H, ETLaAl tLtCuPc 

(ffi7^ni/r-y) &ffl^s„ stir® 

lHs{tlMsi*S5 J;5^iS7^B->r^y&jfMt, -tro 

[0 0 4 6] ftfc\ *£tfc0!lTr±ft&ro%%fl<0ttft# 

ITA 1 q 3 (t- y *-8-*y y y 7 t-TA-S = 
^Aiffls) 4rfflv\ KytL<l4^vy ye* 

ttpcb UtA 1 q 3 *fflV\ DC]T, DCMHK 
ttDCM2«:K-^vhiL-C«RI)D-t-5. *fc, WfcO 

m%m<n%mmt lxba i q 3 (2-^^-8- 



[0 04 7]*!, *JR«Wt?tt±IE*«W^lfi^-f 

[0 0 4 8] «±roj;5(-LT, EsilStl 4 2 

4, fliELl4 2 7Rt>mtS4 2 8 ft « E LSR^P 

(8 6 (B) 0 2T^^5) /J^fiE^H 

5o ***«lrttrroEL*^!i»»Jfc* ; F-tL'r*IISi- 

[0 0 4 9] gfetd, 15 (A) (C^-fJ;9(C, £tlt*t4 
2 91Cj;<9 7°7^9 1 ->'^Sffi4 3 0&WO£t>1£Z e * 
*J6^t?tt7'7^f-y^StS4 3 0 i Lt^itro7 , 7 
^^-y^y-f^ASrfflv^o *fc, #t±W4 2 9 iUT 

[0 0 5 0] 12] 5 (A) <D-7x3±x%?}5 Z-kKkVE 

[0 0 5 1 ] ftJC, 05 (B) (C^-f J; 9 ELlT- 
<DffM£;txfcStK^b#7*®Kl 0 lSr^HftS. - 
(Dftexm*, m 1 ~ 3 jclKK Lfc**Wro^«tS11Sr 

7!i>ib 3 X 1 o'p a<M£f]X'ft.M%m%iU fi||IJi4 0 

JB402Sr7ylfci ii@^ft7K*7k i: 

5 0 z^mmzmin-yy =>ymfrbtezmsm 4 o 2 

[0 0 5 2] ;Ht7'7^f7?tt4 3 0CTFT 
RXfEL%?Z®Lfct>, Wi5 (C) (C7p-fj;5(-, » 
mH 3 1 SrtfML, 7 , 7^f^7-fW4 3 2*1* 

o^-frtts. «*so4 3 1 1 Lx\tmmt>>t>tez>mmm 
(ftawtctt* y^r $ k, t?»/k jKyru'tK 

[0 0 5 3] r 5 LT^7^S*R4 0 
97 4lVk,4 3 2^tTFTSU!ELiWf^5. 
•tCi^, r.fo<D7°'7Z.<3-y ?7jjVA4 3 0, 4 3 2 
IC <fc o TftS^fc 7 U- =3f- v-y-ykft E L Igyt^E *# 5 r 

[0 0 5 4] ft*3. *^l1?li^*J^r, iOJ:5C*3t 
^cD±i^[tfi^ffi©7°7^9 : -y^7^/WA4 3 0 

tl l S*)^-a:fflro7 , 7^f L s'^7^/uA4 3 2 *R-«- 



xtfkti, m%m^4-x.^mm^^^k^x^ 

[0 0 5 5] *!QfeW;iJ;9{fK£ixfcELf§ft 
* ^r* 6 ft t so * < , iijv * n k \& >816 = 
fc E LSSftSSUtt, -fy*°f-y9 W&<r>Wm.K.Wk * 

ns d t * < ffM s n/c t f t *mmm* t lt«^ 5 

[0 0 5 6] ft*5, *;^ffif?refi, T F TtDffl k LX h 
yT*^- h#}3t<0TFT (^WlCftyu— ^-STF 
T) 4^Lfc;S>, # MHifcOTFT (ASiWlC 

l±$.x^#S!TFT) iLTfc&V\ 

[0057] 2 ] mmm 1 ic^r, y- hit 

SWUfW 9 - 3 1 2 2 6 0 10-247 
7 3 WP?B¥l 0- 2 7 0 3 6 3 -i^R & L < 

(l#HB¥i 1 - 1 9 1 6 2 8^fgcov>-f^^tlB^ro 
[0 0 5 8] ±E^«tsa«$ixfctt*ttv^Ht*« 

KiBv^ffittt^ri-aiigftKi/ y =3 yjf 4?fMt-5fcft 

tDKWTfe 19 , ;H^©a«4:ffl^5;t T?ifi!ttfl6 ft T 

f t 4^1-5 d k ffi*im-vi)Z. ztit><o&mm*-r 
[0059] ft&\ *$*0|0>«l&tt, mmm 1 <7>fitj& 

[0060] (st« 3 ] ^mmx-it^-wn *m^m. 

7 4fflv^ 0 

[0 0 6 1] mi (A) M&I^T, 7 0 ltt^jxS 
7 0 2 fi^HM'v' y^icixio'-ixio 

"atoms/cm'waiS-CTkSBSr^trSllBI*, 7 0 3 tt&fl; 
SMfciXy ^Vffli^fjTiSTflfilBt, 7 0 4(*il3l?TFT-C 
fc3 0 I*TFT7 0 4liHtMl MftU! LfclSfcflG 
o T f^fi $ tlfc p ^ -V T F T T-fo <9 , #5Ufc0IJ t? 

(i*P x bft 5 'BEE 4$W1- 5 ft to * y =f V >f 
^tLTfflV^, 7 0 5I±I$TFT 7 0 4[: 

S««Ucjft»l£ $ frfc»<b**MSjJ» 5> ft 3 H* WiTfc 

[0 0 6 2] m±(Ciaf3 Lfc»jg*T?l±*160iJ 1 T-tftfi 
LfcfWlStfl6*.tfftV\ TFTO#3ittJjf h 

■c *> u , t f t oftsixm 4- h»j i » xfg t pis-r s 

[0 0 6 3] BilStT F T 7 0 4 7£T«*mfi 7 0 5Sr» 
^Lfcb, »J!BA»b/j:*Efll«7 0 8*r»rt-*-5. Eft 

R7 o %\±mm\z.^fm-tfo\t&\\ *t, kjv» 



6 0nmtt5. 

[0 0 6 41 *11, y^7-f /VAii>?5ft5*l-|p] 

Sfi 7 0 7 Srffls *©±fc*'<y*8!fc.fc 
*»e>ft*SS*K7 0 8 4:1 2 0nm»W*«-, iWISft* 
«Btt»6>fc$S-|«J«!7 0 9 ^11 0nm©JP*fc»ril 
*co±(c|iISr6]SS7 1 0 46 0 nm»ff£(;iffM 

[0 0 6 5] fcfc, TFT©ffM$HfcK|»J©IBft§l 

7 0 6£0±iO-/Ht (B»*-f) «? 
©¥&fc «fMU 7 0 6 i *t^£W»J©Ici|S] 
Si7 l Ot^pSlM^^-BrrBfiiJ-g-^-tir, ADEyw-^U 

A«feSrffl^T?9[*7 1 14SAU, ->-A4t<Z>£An & 

fi)c^*?>„ d^ibroxfMtt^*n©-SSi-fe/K7)flsMxa4 
^Jfe-THfi^i/V droit, ^ttiLtWH^ 
K, y/l^fc L,<tta:^i'»ffflSrfflV^5. dC0->— 
^I1B5 (A) ©W±tf4 2 9 i|B]««iSS»S(tUT 

[0 0 6 6] Rt, M7 (B) ic*i-J:5fc, rfo 3 ^-?- 

©»rt**LfcattR*»6)^9^a6«7 o i d 

o»|IItt« El 1 ~ 3 icIttW Lfc*3SW»^lliK«Sr 

K5Xlo'pa »E^TvK?I4»SW flfif® 7 0 
24«ig£-£5 0 

[0 0 6 7] J&<0», TWI7 0 3 UfcfJJWtJB 7 

024, y s/-ffc^py^4#tf#;* l t , T?l&S1-5o 7y 

**'^4?I-a-^-ti-7c.^^4fflv^„ dro^Stt^a^lT 
5dt^T-#5„ 

[0 0 6 8] d 5 UT»^lC(±f |«Jf 7 0 2 ti^±K 

wa^n, mmit-yj ^ym^tnTvm? o 3*1 
ss-t-s. *tx*aic y/ni^^ft5g^j7 

1 2 4-|^T7 , 7Xf 5 '?7^;U7 1 34^*-f5 0 
[0 0 6 9] «±© i 5 *»MS:jatA*^3i11^ffl 

oSi«lco[^*XfI4tf 5dt*st?f 5. ft 
t^J§ftlSSr*S^i-C:tft<, KtttgftTFT47°7 

f'^ffi^j 2 ««j5)c4im^-a-t>*T^Jii-5 d k immx 
[0070] [ mmm 4 j w 4 

1-5. tftB^lc(iH8 4fflv>5o 
[0 0 7 1] @8 (A) dfcV^, 8 0 Mltfyxm 
8 0 2«#?LK~yy =»VR*>6ftS#l|*l, 803 

ttlWbS' y = ft 5 TiiiiSI, 8 0 4iiiio^ 

y ymmx'h n , *stJfi^t?»±sMk*^«fflt*> e> ft 5 

BffiT-fc 5„ d 8 0 4 fijftffi i ¥fTft*(Sl irx h 



[0072] rnrns 04 j-jci-m^ftmmmm s o 5 
Rtfm&mi»bt£Z'<>* s 0 ea** h7-< y-mmm 

SrflUS tTffM£ft-C*3 >3 , UM± «J fcTJifl©*** 

mm<nx- <y7-yyu- b<omt&\% Lxnm-tz z 4 

&X%% 0 

[0073] rft<bttMizE<£«8 0 4 tit^-raJ; 5 
H3fi!Si*ft5. r 5 LT*^#«fflit6ilSIBS8 0 5Rtf#f 
flSJR^bftS^V? 8 0 6 Sr^Lfcfe, #$£ELJf 8 

07, n 2 o* 7 (*^jsf?'jT"«^mfli*>ej 

&3^ffi) 8 0 8 VBf&irZ,, Ittl8 0 8 

te/<y? 8 0 6\c£^X7- h7^f ^(C^St^tlT^ 
SftSfcfe, RW18 0 4 tiS3c1-6J;5tJf^$tL5„ 
[0 0 7 4] -C0fl#, P#tI8 0 4, fflELi8 0 7S 

tfM 8 0 8 $ ft 5 3 yf v E L $&■ 4 1£ 

So ^Jfra . 1II8 0 4, #«E LJf 8 0 7 STJ^ffi 8 0 

8«MMt t< ttff^»»t±^fei»fc»Srfflv^r 

[0 0 7 5] EL*W»*Sftfcb, SMfctf 

mxitr? v/i<mm) s o 9»T^7^f"^7-f 

^e>«$ftfc^t-t-5ri:^T-t5 0 
[0 0 7 6] &fC, ELf^OBfiSc^ftfcStgtr, 57 
y *£tfS*#H5U;:lBU f«S 8 0 2 & 

SffiS 0 1 ir^^Bf^-*5 0 SWJ8 1 l£fflV^ 

T77Xfy?7-fM8 1 2 *^»]r- 
8 1 1 4 fOKy-f 5 KKSrfflV^S. 

[0077] a *> imtstitzE Lm%,mm 

-C2ft4*tii'>*<, «V^«4 0tffiV«363^ h 
8 - 2 6 2 4 7 4^«ilCfE*a^ftfclEtbiaK (*7V 

mmtm&m 2 4a^^-cn*-f5 r 4 ^mxtb 
[0078] mmn 5 1 ^■%rm\x\tm.mm v &t> 

*5 7° 7 s/ ? Sffiic^fe* y -7 4 )\>$ *WtfSX & 

EL3g^g£WC2pif-0^^ t^t^TV hV? 

[0 0 7 9] *f§HS«4taotB8 (B) 

{B. L, #&Sfe0IJ-Ctt#»E L18 0 7 ©ftfr 9 £ 
efi»3t<O#«ELH 9 0 0 «:?Bf£i-5. 

4 L-C, WB¥ 8 - 9 6 9 5 9 fcttWM 
¥9 - 6 3 7 7 O^MSKiE«*ftfc«-»trfflV^fttfJll 



#BtK1I«rffl^fttf&v\, (El 9 (A) ) 

[0 0 8 0] £fC, 7-7 -iJV? (R) (#£ 

*Srttffii-S*7-7-f/u^) 9 0 1, 

(g) m&jtmtii-rz*7-yj,u#) 902^0 
u^-y^w (b) wfeatetaffi+s*^-^^^ 

?) 9 0 3Sria:itfc'7 P 7^f u ->^7^/l'^9 0 4£r, #t 

[0 0 8 1] #i)7-7-(;^90 1~90 

3li^tfy3-hftt t<f±-f h?i4 74- h 

y y ^' 7 7 >f ffiflf 4 rofc^frtt* fc(d:PpJS(l«fe*:^v>-c 
^jS-f 5 w 4^T*t Sfcfe, raffle < y'yy-f^y ?y 4 

/V'A9 0 4±tCjgfiEi-ar4iS-e#S„ (09(B)) 
[0 0 8 2] *^WiJO«#, flELi9 0 0#>(b?§ 
tfc6fe3t£#7-7^V;? 9 0 1 -9 0 3|cii-fr.4 

STIitiE l[H]^J$;•t-ft(iSv^cD-eMit'7 0 D^r 
X75W{cft3 4^mStfs#£ft5 0 4*J, *$HMI 
l -HffiW 3 cofiirS; t ffi^#t>^-CS 
iffi-t-5i4tWtET"&5 0 
[0 0 8 3] Kl«6) **KI-*5V>T, 

%<DX\ mmt5 0 nm^T (KKttl 0~2 0 n 

m) tt6:i*«ffsu\ 

[0 0 8 4] DLCAIC9#$C4 tTtt, 1 5 5 0 cm"' 
< bVM^*tWrotT-^Sr#U 1 3 0 0 cm"'<fc^ 

BE«ttTSJSLfc«Pt 1 5 ~ 2 5 G P a (OffitSr^-f 4 

^54f*%fco. :n±5 4DLcRii7*7^fy?S 
fi'frlctfc-STfflS**** < , SffiMf cofcfecoffiff Jit 
UTKlfr»< i4i45#S),T'fe6 0 
[ 0 0 8 5] *fc, DtCfllii7K^@gSt*i-t5/^y 

[0 0 8 6] DLCgli, 7 , 7^^y^Ste^ft6l3^it 

5fl^^ife^;jitT*3< r4 fcT?#2»U yy^vV 

ft }d t T t> D L C llicofigflf tt X /•? y ^ ffi t L < [4 E C R 
77X?CVDffi&ffll*li|il\ 

[0 0 8 7] *^»J©«figtt^^!l 1 ~ 5 

Tftotf^i t> S * \m*&frltxmM-f5 i 4 ^WtB 

[ 0 0 8 8] [HiiW7] ISft^Jl, 2, 4~6TJ±» 

trtfc^^ ^is^ttEc (ii/np^^x) u 

^mWs 7-f-^Fi;7Vayf^7W (FE 



[0089] mmm 8 ] ^mMmxit, 01, 02c 

(A) ~H11 0 (C) ^fflV^t fc-f3 D 

[0 0 9 0] Sf, BIO (A) tt*U&K«:2#IS!J3- 

iciil 2T'^£ft£Wrt?EL5SftgBri5^&*i,T^ 

5. :©e L^mm.<D{m^m^m L-xammm 1 , 

[ 0 0 9 1 ] Hi 0 (a) cotj§£\ y X/V 1 3 1 
lO-Jat-ftoTWl^KiU, Z<nWs$K'i&^x : M* 
1 4 t> ¥fT(^S)-r5o ap*p, mi io-i2i;fiot 

ffi# 1 4 tWSh-tZ ^ t J; 13 »J|«1S:W»$*5 r t 
[0 0 9 2] iWi, 010 (B) ©Jf-g-, y X/V 1 3 J&S 

mA-i i<D-mz.-j&^xmi\mmi., yx/n 

*ot«#14, 1 6 t¥tTtcWr?>o M*>, Wftl 
l S*tr J: 5 fc, -fflfcfBoT«# 14,16 *s»i- 

[0 0 9 3] frfc, 010 (B) ©if-g-tfc^T, /X 

/wizija«tt-c/«e< , Hat l< i$mm\mtfbfoxi, 

[0 0 9 4] 010 (C) <73i§£\ 7X/H 7 ^5 

Sfcfti i^-mtmm^&zwnftfn^vx^^e 
HP*,, y^»$«:ii<!*¥Hio-Mft 

[0095] Hio (a) ~ (c) ©sureii, 

[0 0 9 6] 9 ] *3PJ!£|yfe LT^^tVfc 

—ah— 7*-f*-, /- H/<-yt^y^ a -^ -y- 

is, «iKifS!y-A«*fett:«^»if) , samfttm*. 

[0 0 9 7] 111 (A) liT^*/7tfc!),* 



#2 0 0 1, StTPgR 2 0 0 2, Jglgg|5g|5 2 0 0 3, j&fis 
*-f y^2 0 0 4£^tr. **M©«*8Jltt*^gP2 
0 0 2^fflV5Cl t*«T?§5„ 

[00 9 8] 111 (B) \±MW9 ttliWOE L*r J 

*-f\, <{<»-% (^jtfljJ) -efo^, *#2ioi, ft* 

>T~-f/V2 10 2, BlfRH^^ K2 1 0 3, i?^g|3 2 
10 4, Jt^:^ 2105, S?^gS 2106 Sr^tfo * 

1 0 6CfflV>Sit*STt«. 
[0 0 9 9] 011 (C) ligdSS! (^M/H avf 
3.-^ T-fc 0 , *#2 30 1, ^gfl 2 3 0 2, 
2 3 0 3, M^-i 2 3 04, ^!)^d y h23 
0 5£r£tf 0 *^P^©^^$|gtt*/T:g|5 2 3 0 2HfflV* 

[oioo]0ii (d) (**»»») -efc 

t) , 2 4 0 1, m.fr-U 2 4 0 2, tftfM-f 7f24 
0 3$r^tPo *%^c0^^tt(±*^g|3 2 4 0 2 (nfflV^ 

[0 10 1] fci^-e, ^SBtcML-TELIlTtSS^ 

»*i-6fc», < ft* J: 5 

Lxx¥imzmit$yAxBi&TZ j: 5 (c«t-5 - 1 
[0102] :^t*iii (e) (i^nisr-fc <9 , * 

#2 5 0 1, ^Hj7JgR2 5 0 2, W^ATlgli 2 5 0 
3, 3g^gR2 5 0 4, Mf*4 5/^2 5 0 5, T>-?-f 

2506 &#tp„ immn&mmtwm 2 5 0 4 m 

fflV^rtsPt'**. *^«2 5 0 4iCELH^ 

[0103] tLbrotis;, *^^eoaffl*5Httffi*Tfi; 
S„ *^»J©l;Mtiftft^jSf?'Ji~7ro«)5)c?r 

[0 10 4] 

[|gHJ!<7)xfi«:] #^^T'(4, MWtKttMIM 
U/7^f7^n jBBtt<0i«^S« Srffl V ^ 5 fc 

SrffM Lfc«-e#IIES#Kffi **]« U ^7^y?l 
[0 10 5] ^rcofcfc, 7°7^f-y^S«&^£«t 
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